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ABSTRACT 
The objective of this experiment was to evaluate the effect of Gymnarchus niloticus 
(Weer) body weights (1, 2 and 3 kg), on body length, body components and flesh quality. 
Twenty four fishes were used. Fish body measurements, weights of body components, 
proximate chemical composition, water holding capacity (WHC), cooking loss, 
shrinkage, oxidative rancidity, total bacterial count and sensory evaluation were 
determined. Increasing G. niloticus body weight resulted in a significant (P≤0.05) 
increase of the fish total length and weights of body components but, the internal organs 
and fins percentage were significantly (P≤0.05) decreased and the skin and fillet 
percentage increased but not significantly (P>0.05). The light weight (1kg) gave a higher 
moisture percentage and slightly lower, protein, fat and ash percentages while the heavy 
groups (2 kg and 3 kg) gave the highest lightness (L*), redness (a*) and yellowness (b*)  
colour values and protein, fat, ash percentages but lower moisture percentage and 
improved WHC. Cooking loss and shrinkage percentages were significantly decreased 
while oxidative rancidity and total bacteria count were significantly (P≤0.05) increased 
and the sensory evaluation was not significantly different The medium body weight (2 
kg) gave the highest panel scores compared with the low and high weights. Gymnarchus 
niloticus has good processing characteristics and quality. 
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INTRODUCTION 
 
The per capita consumption of fish in Sudan is about 1.3 kg/year and it is 
considered very low compared to the international level, which is about 13 kg/year (FAO, 
2006). The artisanal fisheries contribute significantly to socio-economic conditions in 
fishing communities and to food security in Africa (Diei-Ouadi and Mensah, 2005). 
Church (1988) reported that the temperature and handling practices are the most 
important factors in determining the shelf life of all species of fish. Gatlin et al. (1992) 
found that the presence of natural antioxidant such as alphatocopherol with in the flesh 
could partially prevent the oxidation process. The technological value of fish generally 
depends on two parameters: the yield of preliminary processing and the quality features 
of fish meat and products. The yield is affected by the ratio between edible and inedible 
parts of the fish and this is a decisive factor with regard to the technological values of the 
fish. This ratio depends on the species. The yield of edible parts of the fish depends on 
the species, constitution, age, consequently size and maturity.  It is most favourable in the 
Salmonidae family, amounting to approximately 75% of the weight, but for most fish 
species it ranges from 50 to 60% (FAO, 1996).  
Gymnarchidae family is one of the most important freshwater fish. It is 
distributed in tropical Africa and River Nile. This family is characterized by elongate 
body, absence of anal, caudal, pelvic fins, parasphenoid tongue toothless and 
branchiostegal rays (Moriarty, 1973). It can grow up to a maximum length of 167 cm of 
standard length (male/unsexed) and 19 kg live weight, maximum of 185 kg (Bigorne, 
1990; Ranier Froese and Daniel and Pauly, 2007). There was a strong relationship 
between body composition and body weight as the protein content increases with 
increasing body weight, crude protein content of Clarias gariepinus increases with 
increasing body weight, fish weight 150, 300 and 400 gm that have crude protein of 
25.59, 54.8 and 66.8 g, respectively.  Thus, the protein content of fish can be predicted 
from fish weight (Ramseyer, 2002; Selma, 2007).  
The edible portion of the fish flesh from some Nile fish ranges between 50 to 60% 
(Babiker, 1981). The yield of some fish species was estimated to be 29.7 – 48.6% (Gall et 
al., 1983). While the fillet yields of Oreochromis niloticus and Ictalurus punctus range 
between 25.0 to 30.9% (Clement and Lovel, 1994). There was a seasonal variation in the 
protein, fat and moisture contents of G. niloticus. The protein, fat and moisture contents 
were 17.9%, 1.11%, and 74.61% in summer while in winter were 18.0%, 1.68% and 
77.07%, respectively (ELminshawi, 2007). However, the variation in the percentage of 
fat is reflected in the percentage of water. The chemical composition quality of the G. 
niloticus and Heterotis niloticus (Nauk), were respectively 78.19% and 79.33% moisture, 
5.47% and 4.23% ash, 12.52% and 5.76% fat, 61.20% and 67.34% protein, 308.572 
Kcal/gm and 253.474 Kcal/gm and 1: 4.89 and 1:11.69 fat: protein ratio, for Heterotis 
niloticus and G. niloticus (Mohammed, 2000). The ash of G. niloticus was about 6.39% 
with a seasonal variation of 1.12% in summer and 0.94% in winter (Elminshawi, 2007). 
Fquconnwau et al. (1995) reported that a change in protein content with age is generally 
not very significant in fish. Ramsey (2000) studied the prediction of nitrogen and crude 
protein content of fish from wet weight and found that crude protein content of Clarias 
gariepinus increases with increasing body weight. 
Gymnarchus niloticus (local name Weer) was selected because it is indigenous to 
Africa and Sudan, therefore, no risk to other fish species. It is a third grade fish and is not 
very much accepted by many consumers. It is highly perishable, spoil rapidly especially 
under Sudan conditions due to poor and primitive processing techniques which have their 
effects on shelf life of the product and acceptability by consumers. The objective of the 
study was to evaluate effect of G. niloticus body weight on body length, body 
components and flesh physical and chemical characteristics which influence its shelf life 
and improve the primitive processing techniques  
 
 
MATERIALS AND METHODS 
 
Sample preparation: Fresh G. niloticus  (Weer) (24 fish), ranging in live weight from 1 
to 3 kg were obtained from Central Khartoum fish market and transported on ice to the 
meat laboratories at the Department of Meat Production, Faculty of Animal Production, 
University of Khartoum. They were randomly assigned to 3 treatment groups (1, 2 or 3 
kg). The fishes were first cleaned and freed from water. Unprocessed fish samples were 
weighed to the nearest gram using an electronic balance. The total length of G. niloticus 
was measured (using a measuring tape) from head to tail fin and recorded to the nearest 
millimeter. Then, their fins, heads, internal organs, skins, bones and fillets were removed 
and weighed according to the procedures described by Khler et al. (1996). The fillets 
were labeled properly kept in plastic bags and frozen at -18
o
C
  
until used for analysis.  
 
Colour measurements: The fillet colour components lightness (L*), redness (a*) and 
yellowness (b*) were recorded using Hunter Lab Tristimulus colorimeter model D2 m-2. 
Subsequently, these samples were frozen and stored for cooking loss.  
 
Water holding capacity: water holding capacity (WHC) was determined according to 
the procedure described by Babiker and Lawrie (1983). A large ratio indicates an increase 
in the watery condition of the flesh or a decrease in the WHC. 
                        WHC = Loose water area- Meat film area 
                                                     Meat film area 
Cooking loss: The frozen fillet samples were thawed in a refrigerator overnight, 
weighted and fried in a pan using vegetable oil at constant temperature (90ºC) for 5 
minutes with continuous turning. The cooked samples were freed from oil using 
absorbent kitchen paper and allowed to cool, weighed and kept for sensory evaluation. 
The difference in weight of samples before and after cooking was recorded as the total 
cooking loss and expressed as a percentage of weight before cooking. 
Cooking loss = Wt. before cooking - wt. after cooking    X100 
                                            Wt. Before cooking 
Shrinkage per cent: The difference in the total length of samples before and after 
cooking was recorded as the shrinkage and expressed as per cent of length before cooking 
(Nour, 2003).  
Shrinkage per cent  =    Length before cooking - Length after cooking     X100 
                                        Length before cooking 
Proximate analysis: Determinations of moisture, ash, protein and fat (ether extract) were 
performed according to AOAC (1990) methods. 
Oxidative rancidity: The oxidative rancidity of fillet was determined using 2- 
thiobarbituric acid (TBA) method as described by Hoyland and Taylor (1989). 
 
Total viable count of bacteria: Standard plate count agar media was used to determine 
the total viable bacterial count. It was carried out using the pour plate count method. The 
results of the count of bacteria were presented as CFU/g (Harrigan, 1998).   
 
Sensory Evaluation: Samples for sensory evaluations were presented to an eight-
member panel for evaluation of colour, tenderness, juiciness and flavour on an 8-point 
scale, 8 being extremely desirable and 1 being extremely undesirable.  
 
Statistical Analysis 
Data were analyzed as a completely randomized design with a 4x4 factorial arrangement 
of treatments using analysis of variance treatment means were compared by Duncan's 
multiple range tests by using SPSS version 10.05-computer program. 
 
 
RESULTS AND DISCUSSION 
 
Total length and body components: 
Mean values of the effect of body weight on total length of G. niloticus are presented in 
Figure (1). The total body length and the different body components weights, internal 
organs, heads, total fins, skin, bones, abdominal fats and the fillet weights (Table 1) 
significantly (P ≤ 0.05) increased with G. niloticus increase of body weight from 1 kg to 
3 kg, but  for the total fins this increase was not significant (P > 0.05) between  the two 
light groups (1 kg and 2 kg). Internal organs weights were significantly (P ≤ 0.05) 
different among the three tested groups. Internal organs and total fins as percentage of the 
body weight significantly (P ≤ 0.05) decreased; the head and skin percentage decreased 
non-significantly (P > 0.05); the bones and fats percentage increased significantly (P ≤ 
0.05) while the fillet percentage increased non-significantly (P > 0.05) with increasing 
fish body weight (Table 2). This indicated that the heavier weight (3 kg) gave higher 
organs proportions compared with lighter weights 2 kg and 1 kg, which could be due to 
the natural growth and development of fish body with age (van der Waal, 1993, Bailey, 
1994). This fish can grow up to a maximum size of 167 cm standard length 
(male/unsexed) and 19 kg live weight, maximum of 185 kg (Bigorne, 1990).  The results 
are in line with Selma (2007) who reported that the total length, standard lengths and 
organs proportions of Clarias garibinus increased with increasing body weight.  Fillet per 
cent varies from one species to another, and was related to the specific anatomical make 
up of the species. The size of each individual did not greatly influence the fillet yield; the 
estimated yield of some fish species range was 29.7 to 48.6% (Gall et al., 1983). The 
edible fish fillet from some Nile fish range was 50 to 60% (Babiker, 1981). The fat 
percentage increased significantly (P ≤ 0.05) with increasing body weight which could be 
due to body composition and deposition of fats with increasing body weight, age and diet.  
These findings agree with Degani (1988) who reported that the fat content in fish depends 
on their diet, variation in fat is largely due to proportion of lean and fat tissues with older 
animals having greater proportion than young ones.  
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Table 1. Effect of G.  niloticus body weight on the different body components weights 
(kg) 
Parameters Body weight (kg) SE L.S 
1 2 3 
Internal organs(kg) 0.08
c
 0.16
b
 0.21
a
 0.01 * 
Head(kg) 0.17
c
 0.34
b
 0.48
a
 0.005 * 
Total   fins(kg) 0.02
b
 0.03
b
 0.04
a
 0.001 * 
Skin(kg) 0.07
c
 o.13
b
 0.19
a
 0.003 * 
Fat(kg) 0.09
c
 0.21
b
 0.31
a
 0.004 * 
Bones(kg) 0.08
c
 0.17
b
 0. 30
a
 0.004 * 
Fillet(kg) 0.49
c
 0.98
b
 1.46
a
 0.005 * 
Means with the same letter in each row are not significantly different at P = 0.05. 
* = Significant,  NS = Not significant,  L.S = level of significance, SE: standard error  
 
 
Table 2. Means and standard errors of the means of G. niloticus body components 
percentage (%) as affected by body weigh 
Parameters (%) 
 
Body weight(kg) SE  LS 
1 2 3 
Head 16.62 16.50 15.82 0.15 NS 
Internal organ 7.84
a
 7.42
ab
 6.84
b
 0.17 *
 
Skin 6.88 6.29
 
6.15 0.15 NS 
Fillet 46.70 47.34 48.15 0.14 NS 
Bones 7.96
b
 8.38
b
 9.82
a
 0.14 * 
Total fins 2.31
a
 1.25
b
 1.18
b
 0.06 * 
Fat 8.54
b
 10.06
a
 10.16
a
 0.18 * 
Means with the same letter in each row are not significantly different at P = 0.05. 
* = Significant,  NS = Not significant,  L.S = level of significance, SE: standard error  
 
 
 
 
Objective color measurements 
Figure (2) shows the mean value of fillet objective colour measurements, lightness (L), 
redness (a), and yellowness (b). All the colour  parameters values increased with 
increasing G. niloticus body weight but only lightness (L), had a  significant (P <0.05)  
difference between the small weight (1 kg) and the larger ones (2 and 3 kg). These results 
agree with Selma (2007) who reported that lightness (L), redness (a) and yellowness (b) 
increased with increasing Clarias gariepinus body weights from ½ kg up to 2 kg. The 
two heavier weight groups showed the highest lightness, redness and yellowness values. 
While the light weight groups 500 gm showed the lowest lightness, redness and 
yellowness values. 
 
 
 
 
0
5
10
15
20
25
30
35
40
45
1 2 3
H
u
n
te
r 
C
o
lo
u
r 
co
-o
rd
in
at
es
 v
al
u
es
Fish body weight (kg)
Figure 2:Effect of Gymnarchus niloticus body weights on 
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Water holding capacity 
 Table (3) shows that water holding capacity (WHC) of G. niloticus fillet was 
significantly (P ≤ 0.05) impoved by its body weight. It improved with increasing body 
weight. This improvement was significant (P ≤ 0.05) between the low weight (1 kg) and 
the other two high weights (2 kg and 3 kg) which were not significantly (P > 0.05) 
different. This improvement was reflected on the cooking loss and shrinkage resulting in 
their significant decrease with increasing body weight. This could be due to the effect of 
growth and development phenomena and the change in the body composition and also to 
the effect of cooking temperature. The findings agreed with Heaton et al. (1973) who 
found WHC to increase slightly with age which was related to changes in muscle growth 
process. Murphy (2000) reported that cooking loss was the result of protein denaturation 
and reduces WHC as well as the changes in muscle tissue under increased temperature 
and partial evaporation. These findings agree with Selma (2007) who studied African 
catfish Clarias gariepinus body weights of ½, 1, 1.5  and 2 kg and found that WHC 
(ratio), cooking loss per cent, and rancidity increased with increased body weight. The 
WHC of the ½, kg group were significantly higher (P ≤ 0.01) than those observed for the 
2 kg samples 
 
 
 
Table 3. Effect of G. niloticus body weight on fillet water parameters and rancidity  
Parameters Body weight(kg) SE L.S 
1 2 3 
Water holding capacity(ratio) 1.06
a
 0.93
b
 0.92
b
 0.03 * 
Cooking loss% 15.75
a
 13.20
b
 8.10
c
 0.25 * 
Shrinkage% 10.75
a
 8.98
b
 8.90
b
 0.16 * 
TBA values(mg/ml) 0.16
a
 0.09
b
 0.07
b
 0.007 * 
Means with the same letter in each row are not significantly different at P = 0.05. 
* = Significant,  NS = Not significant,  L.S = level of significance, SE: standard error  
 
Oxidative rancidity   
Oxidative rancidity value was significantly (P ≤ 0.05) affected by G. niloticus body 
weight; it decreased with the increase in body weight (Table 3). This decrease was 
significantly (P ≤ 0.05) different between low weight (1 kg) and other two tested groups 
(2 kg and 3 kg) which were not significantly (P > 0.05) different from each other. The 1 
kg showed the highest TBA value (0.16) while the 3 kg gave the lowest TBA value 
(0.07).  Only tentative explanation could be presented here for the decrease in oxidative 
rancidity with increases in body weight although the fat per cent increased with 
increasing fish body weights. A possibility that increase in natural antioxidant deposition 
in the meat with increase in body weight should not be excluded. Differences in body 
composition, including natural antioxidant are, also, another possibility. Several 
investigations indicated that feeding habits and diet types could affect the body 
composition. This result may be due to different body composition and feeding habits and 
selection of diet. Degani (1988) found that different factors that affect lipid content in 
Siluriforms and in other fish species were body weight, season, feeding, dietary protein 
and lipids.  Gatlin et al. (1992) found that the presence of natural antioxidant such as 
alphatocopherol in the flesh could partially prevent the oxidation process. The tocopherol 
content could be controlled by diet. 
 
Chemical composition: 
Table (4) shows the means and standard errors of the mean values of G. niloticus fillet 
chemical composition. The moisture, protein, fat and ash percentage of fresh fillet 
obtained from different body weights were significantly (P ≤ 0.05) different.  The 
chemical composition of fillet obtained from G. niloticus different body weights were 
significantly different (P ≤ 0.05). The light weight group (1 kg) gave a higher moisture 
per cent and slightly lower protein, fat and ash per cent. The heavy groups (2 kg and 3 
kg) gave the lowest moisture per cent and the highest protein, fat and ash per cent. This 
means that moisture per cent decreased with increasing body weight. This result agrees 
with Degans (1988) who reported that general changes in composition with age were a 
stabilization of protein content, an increase in lipid content and concomitant decrease in 
water content. Fquconnwau et al. (1995) found that a change in protein content with age 
was generally not very significant in fish. Ramsey (2000) studied the prediction of 
nitrogen and crude protein content of fish from wet weight and found that crude protein 
content of Clarias gariepinus increases with increasing of body weight. 
 
 
Table 4. Effect of G. niloticus body weights on fillet proximate chemical composition 
Parameters 
 
Body weight (kg) SE LS 
1 2 3 
Moisture% 78.88
a
 77.18
b
 76.70
b
 0.11 * 
Protein% 17.76 18.44 18.81 0.80 NS 
Fat% 0.77
b
 0.99
a
 1.08
a
 0.02 * 
Ash% 0.91
b
 0.93
ab
 0.98
a
 0.01 * 
Means with the same letter in each row are not significantly different at P = 0.05. 
* = Significant,  NS = Not significant,  L.S = level of significance, SE: standard error  
 
 
Total Bacterial Count  
The total bacterial count of G. niloticus fillet obtained from different body weights 
increased significantly (P ≤ 0.05) with increasing of body weights (Figure 4). The low 
weight (1 kg) had the lowest total bacterial count value (5.04 log10 cfu/g) and 3 kg had 
the highest value (6.84 log10 cfu/g). This may be due to the initial contamination during 
processing, handling and manipulations. The results agree with Church (1998) who 
reported that the temperature and handling practices were the most important factors in 
determining the shelf life of all species of fish. During processing, the organisms in the 
surfaces slime layer or the skin can spread throughout by processing equipment and 
workers into the flesh of the fillet. Hence, the normal potentially sterile flesh can be 
inoculated with millions of bacteria. With this contamination, the fish may be spoiled, by 
the time they reach the consumer. Lawrie (1991) reported that the spoilage pattern 
depends somewhat on the species and type of fish, the initial microbial flora, the area of 
catch, the method of catch, processing method and method of storage. The maximum 
total bacterial count recommended by the International Commission of Microbiological 
Standard for Foods (ICMSF, 1978) for the acceptability of fresh and frozen fish is 7 log10 
cfu/g. This result agrees with finding by ELminshawi (2007) who found that the total 
bacterial count of fresh samples of G. niloticus recorded in two seasons (summer (6.62 
Log10 cfu/g) and winter (6.44 Log10 cfu/g). 
 
 
 
 
   
 
Sensory evaluation 
Sensory evaluation of fillet obtained from different G. niloticus body weights showed no 
significant (P > 0.05) differences in taste panel scores for the colour, tenderness, 
juiciness, flavour and overall acceptability (Table 4). This could be due to the fact that 
the panelists were not well trained. These findings agree with Selma (2007) who found 
that there were no significant differences (P > 0.05) in changes of colour, tenderness, 
juiciness, flavour and overall acceptability for all different body weights. 
 
 
Table (5) Sensory evaluation characteristics of G. niloticus fillet  
Parameters Body weight(kg)  SE L.S 
1 2 3 
Colour 5.67
 
 5.99 5.42 0.12 NS 
Tenderness 5.61 5.93 5.68 0.01 NS 
Flavour 5.40 5.62 5.37 0.09 NS 
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Figure 3 : Effect of Gymnarchus niloticus body weight on fillet 
total bacterial count (Log10cfu\g)
Juiciness 5.46 5.78 5.71 0.09 NS 
Acceptability 2.24 2.27 2.34 0.06 NS 
NS = Not significant,  L.S = level of significance, SE: standard error  
 
Conclusion 
Gymnarchus niloticus has good processing characteristics and quality, heavy weights 
were more suitable for fish products manufacturing. The result revealed that G. niloticus 
body weight is indicative of its fillet chemical composition  
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